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TRANSONIC HIGH REYNOLDS NUMBER STABILITY AND CONTROL 
CHARACTERISTICS OF A 0.015-SCALE REMOTELY CONTROLLED ELEVON 
MODEL (44-0) OF THE SPACE SHUTTLE ORBITER TESTED IN 


CALSPAN 8-FOOT TWT (LATO) 


by 


Harry Parrell, Rockwell International Space Division 


ABSTRACT 


Transonic Wind Tunnel tests were run on a -O15 Scale model of the 
Space Shuttle Orbiter Vehicle in the Calspan Corporation 8-foot Transonic 
Wind Tunnel during August 1975. Purpose of the test program was to obtain 
basic Shuttle Aerodynamic data through a full range of elevon and aileron 
deflections, verification of data obtained at other facilities, and 
effects of Reynolds number. 

Tests were performed at Mach numbers from .35 to 1.20 and Reynolds 
numbers from 3.5 X 10° to 8.2 x 108 per foot. The high Reynolds number 
conditions (nominal 8.0 X 10°/foot) were obtained using the Calspan ejec- 
tor augmentation system. Angle of attack was varied from -2 to +20 de- 
grees at sideslip angles of -2, 0, and +2 degrees. pideslip was varied 
from -6 to +8 degrees at constant angles of attack from 0 to +20 degrees. 
Aileron settings were varied from -5 to +10 degrees at elevon deflections 
of -10, 0, and +10 degrees. Fixed aileron settings of O and 2 degrees 
in combination with various fixed elevon settings between -20 and +5 de- 


grees were also run at varying angles of attack. 
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NOMENCLATURE 
General 


DEFINITION 

speed of sound; m/sec, ft/sec 
pressure coefficient; (p, - po)/q 
Mach number; V/s 

pressure; N/m°, psf 


dynamic pressure; 1/2ev", N/m, psf 


unit Reynolds number; per m, per ft 
velocity; m/sec, ft/sec 
angle of attack, degrees 


angle of sideslip, degrees 


‘angle of yaw, degrees 


angle of roll, degrees 


mass density; ke/m3, slugs/rt3 


Reference & C.G. Definitions 


base area; m-, ft¢ 
wing span or reference span; m, ft 
center of gravity 


reference length or wing mean 
serodynamic chord; m, ft 


wing area or reference area; m<, ft° 
moment reference point 

moment reference point on X axis 
moment reference point on Y axis 


moment reference point on Z axis 


base 

local 

static conditions 
total conditions 
free stream 


ii 


Cn 


Cf 


L/D 


CY 


CAB 


CAF 


CIM 


CBL 


CL 
CD 
CDB 
CDF 
CY 


CIM 


CLN 
CSL 


L/D 


L/ DF 


CAC 


NOMFNCLATURE (Continued ) 


Body -Ax1; oystem 


DEFINITTON 


normal-force cocfficient; estore’ 
qs 


axlel-force coefficient; axial force 
qs 


side-force coefficient; Side force 
qo 


base-force coefficient; pone soree 
Qs 


“Ay( Pp - Peo) /a5 


forebody axinl force coefficient, Cy - Cay 


pitchin: -nom-nt coefficient; pitching moment 


WLREP 
yawing-moment coefficient; YawWing moment 
qSb 
rolling-moment coefficient: POsrste moment 
4 tr 


otabllity-Axis System 


lift covwfficient; a 
qc 


drag coefficient; Brae 


Qo 


base-drag coefficient; pase Gree 
q5 


forebody drag coefficient; Cae (Dp 


side-force coefficient; Side force 


qs 
pitching-moment coefficient; pee noment 
WE REF 
yawing-moment coefficient; yovang mom nt 
‘yy? 


rolling-moment coefficient; rons ine momen’ 
Ca 1 


lift-to-drag ratio; C;/Cp 


lift to forebody drag ratio; Cy/Cp, 


sting cavity axial force coefficient 


Ac 


Cob 


PLOT 
SYMBOL 
ATLRON 


ELEVON 


CBLRMS 


CAC 


SPDBRK 
RUDDER 
BDFLAP 


XCP 


ELVN-L 


ELVN-R 


DUTCL 


DIUI'CN 


DUCA 


DUPCD 


CPB 


NOMENCLATURE (Continued) 
Additions to Nomenclature 


DEFINITION 


aileron, total aileron deflection angle, degrees, 
(left aileron-right aileron)/2 


elevon, surface deflection angle, positive de- 
flection trailing edge down, (left aileron + 
right alileron)/2 


root mean square average value of the dynamic 
rolling moment coefficient 


sting cavity axial-force coefficient 
elevon mean aerodynamic chord, in. 
elevon planform area, ft 

speed brake deflection angle, senveeu, 
rudder deflection angle, degrees 
bodyflap deflection angle, degrees 


normal force center of pressure, 
Xcop = XMRP -C, ¢,/Cy, inches 


left elevon surface deflection angle, positive 
deflection trailing edge down, degrees 


right elevon surface deflection angle, positive 
deflection trailing edge down, degrees 


incremental lift force coefficient due to a 
change from baseline condition 


incremental normal force coefficient due to a 
change from baseline condition 


incremental axial force coefficient due to a 
change from baseline condition 


incremental drag force coefficient due to a 
change from baseline condition 


base pressure coefficient 


8 


INTRODUCTION 


The NASA is continuing experimental and analytical development of an 
aerodynamically sound and effective Space Shuttle vehicle. Extensive 
wind tunnel support has been devoted to this vehicle, especially the Or 
biter Configuration, which is at present fixed in basic design. Several 
areas of concern have recently been noted from analysis of experimental 
data obtained in the numerous tests in various facilities which are the 
existence of regions of nonlinear aerodynamic characteristics significant 
enough to cause concern to control designers and,in some cases, disagree— 
ment between data obtained in the various facilities across the country. 

Therefore, the Langley Research Center, in cooperation with Johnson 
Space Center and Rockwell International, has undertaken an experimental 
program to determine in detail the aerodynamic characteristics of a model 
of the Space Shuttle Orbiter. Attention will be given to conditions which 
have in past investigations shown regions of nonlinearity since detailed 
definitions in these regions are particularly important in the development 
of longitudinal and lateral control characteristics to be used in the ve— 
hicle control logic. In addition, in order to minimize the effects of 
configuration differences which may contribute to uncertainties, a single 
model will be tested in the following facilities: 


Langley Research Center 
8 Ft. Transonic Pressure Tunnel ‘saa 1) 


Low Turbulence Pressure Tunnel (Reference 2) 

Unitary Plan Wind Tunnels No. 1 and 2 (References 3 and 4) 
Ames Research Center 

12 Ft. Transonic Pressure Tunnel (Reference 5) 


Calspan 
8 Ft. Transonic Wind Tunnel (Present Report) 


LIV, Inc. 

4 x 4 Ft. Supersonic Wind Tunnel (Reference 6) 

The model was designed with remotely controlled elevons so that 
pitch and roll control effectiveness could be defined in small control 
increments over a wide range of control settings in an expedient manner. 


INTRODUCTION (Concluded) 
A large data base of aerodynamic characteristics will be determined in 
continuous flow lower Reynolds number facilities. Nonlinearities or other 
possible problem areas that appear in these low Reynolds number tests will 


be investigated in facilities which are capable of higher Reynolds numbers. . 


At the conclusion of the overall program, aerodynamic data will be avail-— 
able in the Mach range from 0.25 to 4.6 on a single model and in a suffi- 
ciently wide range of Reynolds numbers to give a high degree of confidence 
in the data, and extrapolation to full scale conditions. 

The purpose of the present paper is to present aerodynamic character— 
istics obtained in the Calspan Corporation 8-Foot Transonic Wind Tunnel 
at Mach numbers from 0.35 to 1.20 and at Reynolds numbers from 3.5 X 10° 
to 8.2 X 10° per foot. The angle of attack was varied from -—2 to +20 de 
grees. Sideslip was varied from —6 to +8 degrees at constant angles of 
attack from 0 to +20 degrees. Aileron settings were varied from —5 to 
+10 degrees at elevon deflections of ~-10, 0, and +10 degrees. Fixed ail-— 
eron settings of O and +e degrees in combination with various fixed ele— 
von settings between —2O and +5 degrees were also run at varying angles 
of attack. 
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CONFIGURATIONS INVESTIGATED 

Only one basic configuration of the Space Shuttle Vehicle Orbiter was 
tested. This configuration incorporates the latest design lines available 
as of December 1974. Only two variations were made to the basic configura- 
tion. 

a) RCS nozzles were run both open and closed as noted in Table IT. 

bd) Elevon gaps were run both sealed and open as noted in Table IT. 

Transition grit was used on the model for the entire program as noted 
below: 


Model Component location Strip Width Grit Size 
Wing -> aft of Le E., streamwise 210 in 120 
Fillets 100 
Vertical Tail 120 
Fuselage 1.2" aft of nose 120 


The test model was a 0.015-scale model of the Space Shuttle Orbiter 
(figures 2a-2b). The model was constructed at the Tangley Research Center 
using the nose section forward of full-scale fuselage station 672.8, the 
vertical tail and OMS pods from an existing Rockwell model 49-0. The re- 
mainder of the model, the wings, elevons, and body were constructed from 
Rockwell-furnished line details. The elevon position was determined by 
high resolution potentiometers mounted on the pivot axis of the elevons, 
thus giving the true position of the elevon under load at all times. The 
accuracy of the elevon position is the read-out accuracy of the potentio- 
meter, which was determined to be within 0.2 degree. 

The model configuration is summarized as follows: 

Orbiter - 140A/B/C = Bog Sg Fy3 Fg Mg Nog Ry Vg ¥ 


5 68 
Component Definition 
Bog Fuselage per Rockwell Lines VL70-OO0O14OA 
VL70-O00140B (Model SS-A00147) 
Cy Canopy per Rockwell Lines VL70-O00140A and 


VLT70-000143B (Model SS-AOO147 ) 


Ey, Slotted version (6-inch) of E,, elevons per 
3 Rockwell VL70-000145 (Model drawing SS-A00147) 
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Component 


Fg 
M16 
Nog 
as 
Vg 
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CONFIGURATIONS INVESTIGATED (Concluded) 


Definition 


Body flap per Rockwell Lines VL70-000145 
(Model drawing SS-A00147) 


OMS/RCS pods per Rockwell Lines VL70-008)010 
(Model drawing SS-A00147) 


OMS engine nozzle per Rockwell Lines VL70-000145 
(Model drawing SS-A00147) 


Rudder per Rockwell Lines VL70-000146A 
(Model drawing SS-A00148) 


Vertical tail per Rockwell Lines VL70-000146A 
(Model drawing SS-A00148) 


Wing per Rockwell VL70-30-906-01 (Basic control 
drawing). 


A complete description of model dimensional data is given in table III. 
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TEST FACILITY DESCRIPTION 


The tunnel has a perforated throat and an auxiliary pumping system 
for plenum pumping. The continuous circuit tunnel is capable of operat- 
ing from 1/6 to 2.5 atmospheres total pressure. The range of operating 
pressures is necessarily limited by the total power available at the 
higher Mach numbers. The tunnel is pumped to these conditions by four 
centrifugal compressors for above one atmosphere testing and by seven 
compressors for below one atmosphere. The tunnel can be evacuated to 800 
psf total pressure by the auxiliary compressor from atmospheric pressure. 
This procedure takes approximately 8 minutes. Consequently, at least an 
initial expenditure of time is necessary to bring the tunnel to the de- 
sired operating conditions. During model changes, two gate valves isolate 
the test section from the tunnel proper, making it necessary to bring 
only the test sphere to atmospheric conditions. By careful planning of 
the test program, it is then possible to reduce pumping time to a minimum. 

The test section of the tunnel is a removable cart, which, in many 
instances, permits the model to be pre-installed to be tested. This saves 
tunnel time. Three carts are in use: a sting cart for testing sting- 
mounted, full~span models, a reflection plane cart for use with semi-span 
reflection plane models, and a fairing cart for full-span models mounted 
from a plate. 

Low speed airflow calibrations have been performed for free-stream 
velocities from 5 to 90 FPS. Velocities in this range are steady and can 
be set accurately using a fixed main drive blade angle and varying the 
rpm. Low speed tests may be run within the operating tunnel densities 


of 1/6 of an atmosphere to 2.5 atmospheres. 
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TEST PROCEDURE 

The LTV VB-36 internal 6-component strain gage balance was calibrated 
at Calspan prior to testing by applying static loads in accordance with 
procedures described in Reference 7. Deflection characteristics of the 
balance and sting support system were obtained during the calibration. 
Potentiometers used to set elevon deflections were also calibrated prior 
to testing. 

The balance calibration was performed to maximum expected loads as 
listed in Table I. Static calibration check loads were applied to the 
model prior to testing. Applied loads and calculated results for all 
balance loadings agreed within .25% of full scale balance design loads. 
These loadings verified both the data reduction program and the balance 
performance before any test data were taken. The results of all calibra— 
tions and check loadings are on file at Calspan. 

All transducers were calibrated prior to testing in accordance with 
procedures described in Reference 8. These calibrations were performed 
in order to determine a calibration constant and to check the linearity 
and repeatability of each transducer. The angle of attack systems were 
calibrated prior to testing and were periodically checked throughout the 
test progran. | 

The program consisted of 299 runs, during which model configuration, 
model attitude, elevon and aileron deflection angles, Mach number, and 
Reynolds number were varied. The first four runs were in—-tunnel check 
loads to verify all strain gage balance instrumentation. The basic Shuttle 
Orbiter configuration 44-0 was tested with the RCS nozzles closed (filled 
with plaster) and the elevon gaps open. Attitude variations included 
angle of attack, amgle of sideslip,and aileron deflection angle. The RCS 
nozzles were then opened and attitude variations of angle of attack and 
elevon deflection angle were run at Mach numbers of .60 and .90. The 
last configuration change consisted of sealing the elevon gaps. This 
configuration was then run for the remainder of the program through the 
attitude, Reynolds number and Mach number variations outlined in Table I. 
Oil flow visualization photographs were taken periodically throughout the 


test progran. 
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INST RUMENTATION 

Model forces and moments were measured with the LTV VB-36 six—compo— 
nent strain gage balance. The rolling moment component from the balance 
was also processed dynamically by Calspan averaging equipment to give a 
root mean square average of the dynamic component.” Two balance cavity 
pressure orifices were installed on the sting just aft of the balance and 
two base pressure orifices were installed on the sting just inside the 
model base. The orifices were connected to transducers in scanivalves 
mounted on the sting support pod. 

Model angle of attack was set and computed from measurements made of 
the sting support pod position, sensed by a potentiometer on the pod jack— 
screw and read on a digital voltmeter. A Columbia inclinometer was at- 

‘tached to the pod as a backup angle of attack device, and an electrolytic 
potentiometer was installed in the model at balance level conditions to 
set zero-in conditions. Elevon angle settings were set and computed from 
measurements sensed by potentiometers mounted on the model. All strain 
gage outputs were read on the Calspan high-speed digital readout system 
and were processed into final computed data by Calspan'ts General Auto- 
mation 1830 computer. | 


*definition of dynamic rolling moment coefficient, Co » and root mean 
| dyn 
square (RMS) average value of rolling moment coefficient. 


(with load) 


oe 


7 a) (no load, no wind) 


——j time 





DATA REDUCTION 

No wind tunnel wall corrections have been applied to the data pre—- 
sented in this report to account for the blocking effect of the model or 
for wall constraining effects on transverse flow. Within the limitations 
of theoretical computations, these corrections are believed to be neglig— 
ible in this perforated test section with the model installed. Above Mach 
mumber one, the perforated walls are effective in attentuating shock and 
expansion waves from the model, thus reducing the effects of wall reflec 
tions. Although complete attentuation is not attained, in general, exper 
lence has indicated that the effect of residual reflections is negligible 
on this size model except perhaps for the drag component where some inter- 
ference may be expected in the Mach number region around 1.05. Some ex 
perimental substantiation of this belief, together with a discussion of 
some recent studies of wall effects and blockage, along with the Calspan 
§-Foot Transonic Tunnel calibration data, are presented in Reference 9. 

No buoyancy correction was made to axial force as the clear tunnel 
pressure gradients in the vicinity of this model have been found to be 
negligible throughout the Mach number range. 

The main balance was corrected for mechanical interactions present in 
the balance system used during this program. These correction factors 
were obtained during the static calibration of the balance systems and 
are on file at Calspan. 

Static tare corrections to the main balance data were determined dur 
ing wind-off runs of the various configurations. These corrections were . 
then applied to all wind-on data for the same configurations. 

Wind—off balance level conditions for zero—in settings were obtained 
with the electrolytic bubble levels installed in the model. Wind—on mo- 
del angles were determined from readings of the sting support strut po- 
tentiometer, corrected for deflections of the balance, sting, and support 
system. Deflection derivatives for all of these corrections were deter 
mined during static calibration of the balance. 

Axial force and drag coefficients were corrected to a condition of 
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DATA REDUCTION — (Continued) 
free—stream static pressure acting over the balance cavity and model base 
areas. 

It is estimated that model angles measured during this program are 
accurate to +0.1 degree. 

A statistical determination of the accuracies of the strain gage bal— 
ance systems used during this program was accomplished by calculating the 
root mean square difference between applied and computed loads. Computed 
loads were determined from final balance constants and balance readings 
produced by known calibration loads. 

Pressure transducer calibrations used for this program were accurate 
within +1.0 pound “per square foot. 

No satisfactory method is known for determining the absolute accuracy 
of the final coefficients. However, since the test procedure resulted in 
the repetition of at least one model attitude during each rum the repeat— 
ability of the test data may be estimated. Orbiter aerodynamic coeff— 
icients were examined at the various repeat points with the results listed 
below: 





Orbiter RMS Orbiter RMS 
Coefficients Deviations Coefficients Deviations 
Cas Cop + .O011 ACA,» ACp, + .0003 
Cy, Cyp + .0021 ACA.» CD, + .0002 

o 
Ch Che + .0005 Ser + .020 

oO 
Co, Ce. + .0005 Sen + 035 
Cp, Ca + .0011 - + .016° 
Cob + .003 
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DATA REDUCTION (Concluded) 


Measured data were reduced to coefficient form using the following 


dimensional data: 


OREF 
LREF 


BREF 


nl 


it 


u7y 8 i 


2690 ft? 


Nh. 


936.68 in. 


Location of the moment reference point is as follows: 


XMRP 


YMRP 


ZMRP 


Chrysler 
Chrysler 
Chrysler 
Chrysler 
Chrysler 
Chrysler 


Hutka, D. 


= 1076.7 


0 


= 375 


Corporation, 
Corporation, 
Corporation, 
Corporation, 
Corporation, 


Corporation, 


A.: 


in. 


in. 


in 


REFERENCES 


Data 
Data 
Data 


Data 
Data 


Data 


Management 
Management 
Management 
Management 
Management 


Management 


services 
Services 
Services 
Services 
Services 


Services 


Report DMS-DR-2261. 
Report DMS-DR~2300. 
Report DMS-DR-2270. 
Report DMS—-DR-2279. 
Report DMS-DR-2281. 
Report DMS-DR-2266. 


"Procedure and Results of Strain Gage Balance Calibration,’ Calspan 


Corporation Report No. WTO-L79, December, 1960. 
COCHI-<g Ut. 


| ae 


"Calibration of Consolidated Electrodynamics Corporation Pressure 
Transducers," Calspan Corporation Report No. WI0-509, June, 1963. 


Reid, C. 


Lge ae ts Gee 


"Results of Calibrations and Model Tests in the CAL 8-Foot Tran- 
sonic Wind Tunnel, with Varying Wall Porosity and Test Section 

Configurations (U)," Calspan Corporation Report No. AA-~4018-W-3, 
September 1971. 
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DYNAMIC PRESSURE STAGNATION TEMPERATURE 
(pounds/sq. inch) (deprees Fahrenheit) 


296 





BALANCE UTILIZED: LTV VB-36 0 


COEFFICIENT 

CAPACITY: ACCURACY: .5% TOLERANCE: 

NF 2000 lb. 10.0 lb. .O1L1—> . 037 
SF 980 lb. 4.9 Lb. .005—+>. 018 
PM 3000 in-lb. 15.0 im-lb. .002-—>.008 
RM 1200 in-lb. 6.0 in-lb. 2001 -—> ,.002 
YM 1200 in-lb. ___6.0 im-lb. .001—>.002 

COMMENTS: Test conditions vary widely from nominal values shown. See 
ae | tabulated source data for precise values associated with 


each run/test point. 
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TEST RUN NUMBERS 
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TABLE II — (Continued ) 


DATA SET/RUN NUMBER COLLATION SUMMARY 





iTEST: 


T18-103 (LA-70) 


VARIABLE ) 


MACH NUMBERS ( OR ALTERNATE INDEPENCENT 


DATA SET | 
HIDENTIFIER| 


CONFIGURATION 
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TEST RUN NUMBERS 
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TABLE III. - MODEL DIMENSIONAL DATA 
MODEL COMPONEN G2 et Rig oa 
GENERAL DESCRIPTION -___ Coufipuration LiQA/B Orbiter Miselage 
. LNOTE: Ry, is ieentical to boy except underside of Puselasge bag boen 
refaired ic accept Wo feseeeeat 
MODEL SCALE: 0-035 0 MODEL, DRAWING S5-AQOL4T, RELEASE 12 
DRAWING NUMBER — __YLT0-9001433, -009209, 099209, -900089, 990145) 
; -GOOLEOK, OODL4OH 
DIMENSIONS . FULL SCALE MODEL SCALE 
*Length (OML: Fwd Sta. X)=235)-In. 1293.3 19.490 
Length (IML: Fwd Sta. X9=238)-In.____1290.3 _ 19-59) 
: ® Vox Width (@ % = 1528.3) - In. Ji pGh.o = 3.960 
= Mex Depth (@X, = 1464) - Tn. 9 25. 
Fineness Ratio Bh ats occas eee neo ee 
Area re esi 
Max. Cross-~-Sectional 30.83 OTT 
Planform ae ee Pee ee i 
Wetted eee ae ar ee eee ern eee 
Base eee: 4 
29 


*REVISED 4/24/74 


TABLE III, - MODEL. DIMENSIONAL DATA- Continued. 


MODEL COMPONENT ieeiaienninG neem ee 
GENERAL DESCRIPTION __ configuration 3A Cunapy used with Fuselage 
Bg 


~~ 


MODEL SCALE: 0.015 vou, TBAVING: _SS-A001K7, RELEASE 19 


DRAWING NUMBER efO COOL GB 


: 





| 


DIMENSIONS | FULL SCALE MODEL SCALE 
*Length (x, = 434.643 to 578) _auaas7 peg 
Max Width (@ X, =.513.127) eee E'S 22 BS 
Max Depth (@ X, = 485.0) aside, 0.375 ——_— 
Fineness Ratio _ nee ee 
ee eee ee 
| Mex, Cisse 2S chisnd Sees 
Plontorm’ ee 
Wetted See eet ae eee ee ee ae 
Bose See ee a ee 
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TABLE- III. - MODEL DIMENSIONAL DATA - Continued. . 


MODEL COMPONENT: TE ! -TNC : 
GENERAL DESCRIPTICN: Conficuration LOA/B Orbs ter elevon 
. — - 
NOTE: Fog is a slotted version of By, | Dita _are for one side. 


MODEL SCALE: 0.915 Model drawin SS-A001 48 


DRAWING NUMBER: -YL7Q-000200,_VI70-006089, vLoo6o92 

DIMENSIONS: | FULL-SCALE MODEL SCALE 
Area - Ft® 210.0 0.0873 
Span (equivalent) - In. 249.2 Repo 
Inb'd equivalent chord = fy. 113.90) 1.770 
Outb'd equivalent chord qn. 35552102; 828 


Ratio movable surface chord/ 
total surface chord 











At Inb'd equiv. chord = OF R00. 9.2096 

At Outb'd equiv. chord O00 x0 0\0)| 
sweep Back Angles, degrees 

Leading Edge 0.00 0.00 

Trailing Edge | = 10.056... ~ 100056 

Hingeline £0700") 0.0) | 
Area Moment ( Product of Area and ¢)-Ft3 Rote y dy2ls Saae SOUS ths oe 
Mean Aerodynamic Chord (@), in. 90.7 L. 3605 


St 


TABLE III. -MODEL DIMENSIONAL DATA- Continued. 


MODEL COMPONENT :__BODY FLAP - Fo | 
GENERAL DESCRIPTION ° 


Hingeline located at X = 1528.3, Z2 = 284.3 








MODEL, SCALE:  O.015 __ MODEL, DRAWING: SS-Af00147. RELEAS) 


DRAWING NUMBER: ___VL7-O00140A, VL70-000145 


DIMENSIONS : FULL SCALE MODEL SCALE 


Length (x,=1520 TO X,=1613) In. ——@2.000 9 __.4.395 


Mox Width (qn.) — 262,00 __3,930 
Max Depth (X, = 1520) - In. _ 23.000 -__0.345_ 
Fineness Ratio 
Area - Ft* 


Max. Cross—Sectional 


Planform 150.525 0.0339 
Wetted pe ee eee eee er re eee 
Base 4184722 0.00941 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT: ___ OMS Pod (M16) _ 


GENERAL DESCRIPTION: Configuration 1490 Orbiter OMS -Pod 


tne 10 sre th OREN OES 


ST APO tenets 


Model Scale = 0.015, Model Drawing No, 
VL70~-0001 40D 
DRAWING NUMBER VI70~098410 
DIMENSION: _ FULL SCALE 
Length (OMS Fwd Sta X9=1310.5)-In. 258.5 
Mox Width (@ Xo = 151] )-In. | 136.8 
Mox Depth (@ Xo = 451] ~+)~In. 74,7 
Fineness Ratio 2.484 
Areo ~ FT® 
Max Cross=Sectional 58.864 
Planform 
Wetted gee ener tae gases 
Base 
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9S-A0Q0147 


MODEL SCALE 
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1.121 
2.484 
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TABLE III. - MODEL DIMENSIONAL DATA~Continued 


MODEL COMPONENT: OMS NOZZLES - Nog 












EB Orbiter OMS Nozzles 





GENWRAL DESCRIPTION: Confi 





‘uration Vos 











LL eG I gr 


MODEL SCALE: _ 0.015 MODEL DRAWING:  %-O00147 RELEASE 5 (Contour) 
DRiVING NUMBER: VL70-000145, (Location) 





ee gee 





DIMENSIONS: FULL SC+LE MODEL SCALF 
MACH NO. 
Length - In. 


Gimbal Point to Exit Plane 





Throat to Exit Plane 
Diameter - In. 
Exit 
Throat 
Inlet 
Area - rt* 
Exit 
Throat 
Gimbal Point (Station) - In. 
Left Nozzle 
Ag 1518.0 - __22,.770 _ 
Yo moe OE Oise a1 320 
Lo ~ 492.0 eres! 6. \> } 
Right Nozzle 
xX 151020 - . 22.770 
Bd $09.08 8 hk EO 
é pO Os, uhh ot 


Null Porition: = Des. 
Left Nozzle 


Pitch L5Phg' ss a 

Yaw ine eo... 
Right Nozzle 

Pitch VS HOS: - T5ChOe . 

Yaw ; “ee 17. lies ak eich ly Goes eae 


3 ‘i 


ws 
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TABLE Tit. - MODEL DIMENSIONAL DATA — Continued, 


MODEL COMPONENT: pues 





alent = 2; a aca 
GENERAL OCSCRIPTICH: 2A, 3, 3A and LUOA/R Configurations. 
a Se as earache 2! 5, 
aS BD I a 





SE Se Se per ares an mt a 


MODET, SCA Le: O mone Z 


yee 3 ct SA es 


Model drawing SS-A00148 


| a | ge 
eee. - 


DRAWING NUMRER: VLIO-O091 N64, VI-70-000095, VL70-00913». 
DIMENSTONS : : | FULL =SCALE MODEL SCALE 
*Area- Fte 105.15 0.0225 
Span (equivalent) - Ip son 2 OVO 2.015 : 
Inb'd equivalent chord - In. — 91. 585 Ss Gos eee 
Outb'd equivalent chord - In. See ONCE | 07/625... 


Ratio movable surface chord/ 
total surface chord 


At Inb'd equiv. chord so as OUI OO., O49 
At Outb'd eouiv. chord 3 05400; 9.400 
~weep Back Angles, degrees 

Leading Edge ets ty oe is em 

Trailing Lidge a. 20,25 

Hingetine Se OR. UES eee 
“Area Moment (Product of area & c)-Ft2 010.92 oat 0 5010 ae 
*Mean Aerodynamic Chord, In. 73.2 1.098 
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FREVIGED U/eh/ 7h 


BI ‘No : 


MODEL COMPONENT: VERTICAL - Vg 





| 








GENERAL DESCRIPTION: Confiruration LOA /{/B_Orhiter Vertical Tail ———___— 

















ee ee 


MODEL SCALE: 6.015. 





DRAwING NUMBiR: DU L2 210.0 10 9 5 0) nna nanan ome omnsberny neers 





——= 


DIMENSIONS: 


4 
' 
—— 


TOTAL DATA 


a EE ES LT LST 


MODFL DRAWING: SS-f00148, RELEASE 


FULL SCALE MODEL SC#LE 


Area (Theo) - rte 





Lanforn AVG eS 4... 4202003 
Span (Theo) - In. 315 feo. i736 
Lspect Katio aol. elses 
Rate of Taper CEOs ealeSO (seta 
Taper Ratio 2 OUNOMe., ONO re 
Sweep-Back Angles, Degrees. 

Leading Edge NS 000. 46550902. 

* Trailing Fage 26.2  — 26.2. 

0.25 Element Line Nic a0, Ves 
Chords: 

Root (Theo) WP 268.500 = _4.Ge8 

Tip (Theo) «uP 108 470 L162 

MAC AO OOgen eee Oa = 

Fus. Sta. of .25 MAC Pisses 2 “igo. 

W.P. of .25 MAC 625,522. 22535... 

Bel cnOr 225 MAC na sOg@ e+ ~OeO0Mes da. 
firfoil Seccion 

Leading Wedge -.ngle - Deg. SOOOsa. NOOO Sat 

Trailing, “edge /nule - Deg. ee Fs 0 Sm Op) k§ Bees 

Leading Edge Radius Be LCS vente Os 6 a eee 
Void rea ire Os Pr See Os 2 OS ge 
Blanketed «rea 2) Oi £o63 eee 
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TABLE III. - MODEL DIMENSIONAL DATS 


MODEL COMPONENT: WING-W 






EXERAL DESCRIOTION: 


Lrailing ed cof 


_ MODEL SCALE: 0. O15 | 
TES Te hs 


D2 MENS IONS: 


TOYA, DATA 
—"“Krea Cineo.) —-Fté 
Planform 
Snan (Treo In, 
Asvect Ratio 
Rave of Tener 
Taper Ratio 
Dihedral Angie, degrees 
Incicence Angle, cegrees 


Aeroaynamic Twist, degrees | 


Sweep Socx Angles, cegrees 
Leacivig Ecge 
Trailing Edge 
0.25 Element Line 

Chords: 

Root (Theo) 8.P.0.0, 
Tip, (Theo) BYP. 
MAC 
' *Fus, Sta. of .25 MAC 
*W.P. of .25 MAC 
* BL. Of «25 MAC 


EXPOSED DATA | ” 
 ®’Area Cinco) Ft 
* Soan, (Theo) In. BPI08 
* Asvect Ratio 
~ Taper Ratio. 
Chords 
* Root BP108 
Tip 1.00 


* MAC 

* Fus. Sta. of .25 MAC 
* WP. Of 2.25 MAC 

* BSL. of .25 MAC 


Airfoil Section (Rockwell Mod NASA) 


XXXX~ 64 
Root b = 


Tip tb = 
2 
Data for (1) of (2) Sides 


Leading Edge ee 2 
*Planform Area 


* Leading Edge ae Fus M. L. @ Sta 
* Leading Eage Intersects Wing @ Sta 


WISED 4 24/7 
- Concluded. 


nee. 
eee ae 


Model drawing SS-A001 48 


OWG. NO. V70-30-906-01 (BCD) 


FULL-SCALE 


2690.09 
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Front View of Model Installation 
Figure 3. - Continued. 
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Rear View of Model Installation 
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Figure 3. 
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APPENDIX 
TABULATED SOURCE DATA 


Tabulated data listings are available 
on request from Data Management Services. 
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